fO/590883 
iAPSRei^PGT/PTO 2 8 AUG 200§' 

WO 2005/085772 PCT/FI2005/000134 

1 

METHOD AND ARRANGEMENT FOR MEASURING INDIRECTLY WITH POWER, 
ROTATION SPEED AND PUMP HEAD THE FLOW IN A PUMP 



The invention relates to a metliod and arrangement for measuring a liquid flow in 
5 connection with a pump system. Tlie invention is preferably applied to pump 
systems in which the pump is driven by an alternating-current motor, whose 
rotation speed is controlled by a control unit, such as e.g. a frequency converter. 

Pump systems are used in the industries and in public utility services, among other 
10 things. In industrial applications, pump systems are in most cases used in 
connection with production processes, while they relate to transfer of pure water, 
rain water and waste water in municipal engineering! In conjunction with pump 
systems, It is often niBcessary to know the momentary liquid flow and the liquid 
amount transferred over a given period. Flow data are needed for several 
15 purposes. Flow data allow supervision of the condition and operation of the pump 
and of the functionality of the liquid transfer system. Flow data allow detection and 
localisation of e.g. leaks and obstructions in the piping or pumps of the liquid 
transfer system. Flow data are also useful in the billing of liquid transfer. In 
production processes, flow data are needed for controlling and monitoring the 
20 process. 

Pump systems used for liquid transfer usually consist of one or more electrically 
driven pumps. The electric drive consists of a suitable power supply circuit, an 
electric motor and a control unit suitable for controlling and/or adjusting this. The 

25 pump operates as a load on the electric drive. The most frequently used electric 
motor in pump systems is an altemating-cun-ent motor, especially a induction 
motor. The control unit used in an alternating cunrent motor often consists of a 
frequency converter because of the benefits gained by this. The speed of the 
electric motor is adjusted by the frequency converter, which converts the 

30 frequency of the voltage supplied to the motor. The frequency converter, again, is 
adjusted by appropriate electric control signals. 

A prior art pump system is illustrated In figure 1 . The pump 140 is actuated by an 
electric drive consisting of a power supply 101, a frequency converter 120 acting 
35 as the control unit and altemating-cun-ent motor 130, which In this case if a three- 
phase current motor. The motor is usually connected to the pump with the rotation 
speed of the motor and the rotation speed of the pump being identical. The power 
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supply 101 comprises an alternating-current network, such as a three-phase 
network, or the like, for supplying electric power from the alternating-current 
source to the electric drive. The liquid flow through the pump is measured in the 
system of figure 1 by means of a separate flow meter including a flow sensor 151 
5 and a measurement unit 152 equipped with a display. 

The flow sensor may be e.g. an ultrasonic sensor or a mechanical flow sensor. 
However, a "pressure-difference sensor" is used in most cases, this sensor 
measuring the pressure difference generated by the flow in the flow direction and 
in the direction opposite to the flow. The flow Q can then be determined by the 
10 following formula: 

(1) e = ^*VAP 

in which k is the constant detennined by the flow path between the pressure 
sensors and Ap is the measured pressure difference. 

15 

However, the use of a separate flow meter involves a number of drawbacks. Very 
high precision is required from a sensor for determining pressure difference in 
order to achieve such flow measurement precision that is adequate for ordinary 
applications. The use of such sensors thus Incurs considerable costs. In addition, 

20 the mounting of a separate flow meter causes work at the mounting site, and the 
suitable mounting site and arrangement for the flow meter will often have to be 
planned separately each time. The mounting site conditions may also vary, and 
hence flow meters of different types will have to be used depending on the 
mounting site conditions. These factors increase the overall mounting and 

25 equipment cost 

The purpose of the invention is to provide a new method and arrangement for 
measuring the flow in a pump system, the invention allowing the prior art 
drawbacks mentioned above to be eliminated or reduced. 

30 

The objectives of the invention are achieved with a solution, in which the flow 
value is determined without any direct flow measurement by utilising the pump 
characteristics together with variables whose measurement is easy and reliable. 
Such variables include i.a. the rotation speed of the pump, the liquid pressure 
35 and/or the motor power. Both the motor power and the rotation speed can be 
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measured e.g. on the frequency converter. In fact, the invention Is based on the 
Idea of utilising the control unit data regarding the state of the alternating current 
motor, especially voltage and curent data and frequency in the case of a three- 
phase current motor and a frequency converter. In addition, the static pressure of 

5 the liquid can be measured by means of a simple and reliable pressure sensor, 
which can be integrated in the pump system*. Two characteristic curves of the 
pump can preferably be used in the implementation of the invention; flow as a 
function of power and flow as a function of pressure. This achieves high 
measurement precision both with low and with high flow values. Optionally one 

10 single selected characteristic cun/e can be used. 

The invention yields appreciable benefits compared to prior art solutions: 

- flow measurement does not require any costly flow measurement sensor with a 
15 related measurement unit. It does not either require mounting of a separate 

measurement apparatus. 

- the solution of the invention allows integration of pressure sensors in the pump 
system both by mechanical and by electric means, thus avoiding external 

20 connections caused by flow measurement and associated risks of leakage, 
reliability etc. 

. another reason of the high reliability of the measurement of the invention is that 
the pressure sensors used are straightfonAfard and thus durable and reliable. The 
25 solution of the invention can also be implemented without pressure sensors if the 
flow is determined merely on the basis of power. In other words, the solution of the 
Invention does not require fragile flow sensors. 

- the measurement arrangement of the invention is independent of the mounting 
30 site conditions; there is no need for Installation-specific measurements or other 

special arrangements. 

- the flow data are easy to utilise in the control of the pump system, because the 
flow Infomnatlon Is generated in the control unit of the pump system. 

35 

The method of the Invention for measuring flow in a pump system, in which a liquid 
flow is generated by a pump and the pump is actuated by an electric drive, and the 
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speed rotation of an alternating cunrent motor is controlled by a control unit, is 
characterised by the method comprising 

- measuring the pump power in the pump system, 
5 - measuring the liquid pressure, 

- measuring the speed rotation of the pump, 

- determining a first estimate of the liquid flow on the basis of the measured pump 
power and rotation speed variables, 

- determining a second estimate of the liquid flow on the basis of the measured 
10 liquid pressure and rotation speed variables and 

- determining the flow measurement result by a logical selection or any other 
predetemnined function on said first and second estimate. 

The an-angement of the invention for measuring a flow in a pump system 
15 comprising a pump for generating a liquid flow, an electric drive for actuating the 
pump, the electric drive comprising an altemating-current motor and a control unit 
for controlling the rotation speed of the alternating current motor, is characterised 
by comprising 

20 - means for measuring the pump power of the pump system, 

- means for measuring the liquid pressure, 

- means for measuring the rotation speed of the pump, 

- means for detemnlnlng a first estimate of the liquid flow on the basis of the 
measured pump power and pump rotation speed variables, 

25 - means for determining a second estimate of the liquid flow on the basis of the 
measured liquid pressure and rotation speed variables and 

- means for determining the flow measurement result by a logical selection or any 
other predetermined function on said first and second estimate. 

30 A number of embodiments of the invention are described in the dependent claims. 

The Invention and its other advantages are explained in greater detail below with 
reference to the accompanying drawings, in which 

35 Figure 1 is a schematic view of the principle of a prior art pump system 
equipped with a frequency converter, 
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Figure 2 shows a power-flow characteristic constructed by measurements, 

which is usable in connection with the present invention. 
Figures shows a power-flow characteristic constructed by measurements, 

which is usable in connection with the present invention, 
Figure 4 is a flow chart showing a method of the invention for detemiining the 

flow by the measured power, 
Figure 5 is a flow chart showing a method of the invention for determining the 

flow by the measured total pressure and 
Figure 6 is a block diagram of a pump an-angement of the invention. 

Figure 1 has been explained above in the description of prior art. 



Figure 2 illustrates the flow Q as a function of power P when measured in a pump 
system. The characteristic has been fomned by using six measurement points, i.e. 
15 parameter pairs (PO, QOp), (P1 . Q1p), (P2, Q2p). (P3, Q3p). (P4. Q4p), (P5, Q5p). 
Intermediate values have been linearly interpolated between these measurement 
points. In fact, it is preferable in the solution of the invention to store a relatively 
small set of parameter pairs and to fomi the value pair needed eacii time by 
interpolation calculation. 

20 The characteristic shown in figure 2 has been fonned for a specific predetennined 
nominal rotation speed of the motor/pump. If the real rotation speed differs from 
the nominal value, the power should first be converted so as to con-espond to the 
nominal rotation speed, and the flow value obtained from the characteristic/table 
shall also be converted so as to correspond to the real rotation speed. 

25 Figure 3 Illustrates the flow as a function of the total pressure when measured in a 
pump system. The characteristic has been formed using six measurement points, 
i.e. pairs of parameters: (HO, QOh), (H1. Q1h), (H2. Q2h). (H3. Q3h), (H4. Q4h). 
(H5, Q5h). Intermediate values have been lineariy interpolated between these 
measurement points. Accordingly, it is preferable in the solution of the invention to 

30 store a relatively small set of parameter pairs and to form the value pair needed 
each time by interpolation calculation. It should be noted that the variable 
characterising the pressure in this context is the delivery height H, which describes 
the water delivery height and is expressed in meters. 

The characteristic in figure 3 has also been fonned for a given predetermined 
35 nominal rotation speed of the motor/pump. If the real rotation speed differs from 
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this nominal value, the pressure should first be converted so as to correspond to 
the nominal rotation speed and the flow value obtained from the characteristic 
should also be converted so as to con^espond to the real rotation speed. 

As can be seen in figures 2 and 3. the power-flow curve yields the most accurate 
5 result with low flow values, the cun/e derivative being small. Similariy, the 
pressure-flow curve yields the most accurate result with high flow values, the 
curve derivative also having a low absolute value. 

Figure 4 is a flow chart of a method of the Invention for detennining the flow by a 
power P using a pump. Step 400 describes the activation of the pump system. 

10 Subsequently, in step 402, the value of the pump drive power P is measured, on 
the frequency converter in this case. The actuating performance P can be 
obtained from the frequency converter as a signal directly describing the power, or 
optionally signals describing the motor voltage and cun-ent are obtained from the 
frequency converter, these signals allowing calculation of the power. The value of 

15 the actuating performance P is multiplied with the motor efficiency coefficient in 
step 404. 

Next, the power value obtained in step 406 is converted so as to correspond to the 
nominal rotation speed for which the power-flow table has been compiled and 
20 stored. The converted power Pn is obtained as follows: 

(2) Pn = Pv*(Vn/V)^ 

in which Pv is the power measured with the real rotation speed, v is the real 
rotation speed and Vn is the nominal rotation speed. The real rotation speed Is 
25 most advantageously measured on the control unit, such as the frequency 
converter, by determining the frequency of the supply power to the altemating- 
current motor Said speed measurement can be perfomned e.g. in step 402 or 406. 

Subsequently, In step 410, the power value Pn obtained above is adapted to the 
power-flow table, which is interpolated if necessary in order to obtain the correct 
30 value pair. The interpolation may be linear, being based on the two parameter 
pairs closest to the value searched in the table. The interpolation may optionally 
be based on a more complicated fomnula, taking account of several table points. In 
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this manner, the flow value Qn corresponding to the nominal rotation speed is 
obtained from the table. 

The following step 412 checks whether the flow value obtained is within the flow 
value range in which power-based flow definition is used. If the flow value is within 

5 this specific range, measurement proceeds to step 416. If the flow value is within a 
range using pressure-based definition, pressure-based measurement is adopted in 
step 414. Optionally, one could use one single method of detemiining the flow, or 
another option Involves the use of two measurement methods in parallel (pressure 
and power) in each measurement, and then the result of the flow value is e.g. a 

10 predetermined mathematical function of the flow values obtained on the pressure 
and the power, such as the mean value. 

In step 416 the flow value Qn obtained above is converted to a flow value Qv 
corresponding to the real rotation speed: 

(3) Qv = Qn * V / v„ 

15 The flow value thus obtained is shown on the display, step 418, and/or is 
transmitted via a data transmission channel to be processed somewhere else. In 
addition, momentary flow values are summed in the memory for determination of 
the cumulated flow quantity. The cumulated flow quantity is preferably stored in 
the memory, where they are safe in the event of power failure. If desired, it Is also 

20 possible to make provisions for the cumulated flow data to be reset to zero. 

Figure 5 is a flow chart of a method of the invention for determining tiie flow by the 
pressure of a flowing liquid. Step 500 illustrates the activation of the pump system. 
The subsequent flow measurement is perfomned on the basis of the total pressure 
25 of the liquid. The total pressure H is obtained as follows: 

(4) H = Hs + Hd + Ah 

in which Hs is the static pressure, which means the difference between the output 
pressure and the input pressure. Ha is the dynamic pressure and Ah is the 
30 difference of height between the static pressure sensors. The dynamic pressure Ha 
is generated by liquid flow as follows: 



(5) Hd = v2/2g 
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In which V is the flow speed of the liquid and g is the gravitation acceleration. 
Since the liquid flow speed is not known in the first step, the first measurements 
after the activation (e.g. for 10 s) can use zero or any other pre-estimated constant 
value as the value of dynamic pressure, step 502. 

5 The total pressure 506 calculated on the static input and output pressures is next 
converted in step 508 so as to con-espond to the nominal rotation speed for which 
the pressure-flow table was compiled and stored. The converted pressure Hn is 
obtained as follows: 

(6) Hn = Hv*(Vn/v)2 

10 in which Hv is the total pressure measured with the real rotation speed, v is the 
real rotation speed and Vn is the nominal rotation speed of the pump. The real 
rotation speed Is most advantageously measured on the control unit, such as the 
frequency converter, by determining the frequency of the supply cun-ent to the 
alternating cun^ent motor. Said speed measurement is preferably also included in 

IS step 508. 

The following step 510 comprises checldng whether the measured pressure value 
obtained is within the pressure value range in which pressure-based flow 
detemiination is used. If the flow value is within this specific range, the 
measurement proceeds to step 514. If the pressure value is within a range where 
20 power-based detemiination is used, power-based measurement is adopted in step 
512. Optionally, it is possible to use one single method of detemiining the flow, or 
another option is using two measurement methods (pressure and power) in 
parallel in each measurement. 

In step 514, the pressure value Hn obtained above is adapted to the pressure-flow 
25 table, which is interpolated if necessary in order to obtain the con-ect pair of 
values. The interpolation may be linear, being based on the two parameter pairs 
closest to the value searched in the table. The interpolation may optionally be 
based on a more complicated formula, taking account of several table points. In 
this manner, the flow value Qn corresponding to the nominal rotation speed is 
30 obtained from the table. 

The flow value Qn obtained is converted in step 516 to a flow value Qv 
con-esponding to the real rotation speed v: 
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(7) Qv= Qn*V/Vn 

The flow value thus obtained In shown on the display, step 518, and/or is 
transmitted via a data transmission channel to be processed somewhere else. In 
addition, momentary flow values are summed in the memory e.g. once a minute 
5 for detennination of the cumulated flow quantity. The cumulated flow quantity is 
preferably stored in the memory, where they are safe In the event of power failure. 
If desired, it is also possible to make provisions for the cumulated flow data to be 
zeroed. 

10 The following step 520 comprises calculation of a new estimate value of the 
dynamic pressure by formula (5), with the flow speed V calculated first: 

(8) V = Q / (tc * (Dout / 2)^) - in. * (D,„ / 2f) 

in which Doot is the diameter of the output pipe and Dm is the diameter of the input 
pipe. 

15 After this, the measurement is repeated, the value of the dynamic pressure 
approaching its conrect value after activation. 

Figure 6 is a block diagram of an arrangement of the invention for measuring the 
flow in a pump system. The system comprises an electric drive for actuating the 
pump 240, the electric drive consisting of an electric supply 201, a frequency 

20 converter 220 and an alternatlng-cunrent motor 230. The frequency converter 220 
shows a separate controller 228 for controlling the operation of the frequency 
converter and switches 229. The controller also performs calculation of flow values 
In accordance with the present invention. The controller receives signals 
describing the static pressure from pressure sensors 241 and 242 connected to 

25 the pump input and output. The controller further generates a motor input 
frequency signal, which describes the motor rotation speed, and a signal 
describing the motor power for calculation of the flow values. The generated 
momentary and cumulative flow value is shown on a display 224 connected to the 
controller. The controller may also have an interface for transferring the flow data 

30 to another device or to a data transnrilsslon channel. 

An electric drive equipped with a frequency converter normally measures the 
supply current I and supply voltage U at different phases in an electric motor, and 
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also the frequency f for adjusting the speed of the electric motor. The adjustment 
is perfonned in the control unit 228, which is given a control instruction In the fonn 
of a suitable electric signal from the outside of the electric drive, e.g. from the 
process measurement data, In the fonn of an appropriate speed Instruction. Based 
5 on said cun-ent and voltages I, U, the power of the electric motor can be calculated 
e.g. In the controller 228 at each moment, and this can be used for calculating the 
flow in accordance with the present invention. 

The control unit preferably comprises a processor 221, which performs calculation 
10 connected with flow determination and controls the operations of the control unit. 
The control unit also comprises a memory unit 222, in which the characteristic 
parameters of the pump and software controlling the processor are stored. The 
control unit also comprises a measurement unit 223, which receives and 
processes signals obtained from the pressure sensors and/or motor control. 

15 

It should be noted that the example above uses parameter tables compiled on a 
given nominal value of the rotation speed, and then, before using the table, a 
speed conversion should be made of the power/pressure on the one hand and on 
the obtained flow value on the other hand. Another option would Involve compiling 
20 tables for several rotation speeds, and then one would always use the table 
closest to the real rotation speed value. The table would then be three-dimensional 
and the input variables would comprise the rotation speed and the pressure/power 
and the output variable would comprise the flow. 

25 It should be noted that one single measurement an-angement of the Invention 
allows simultaneous analysis of the flow of one or more pump stations. The 
measurement can be integrated in the control unit of the electric drive proper, such 
as a frequency converter, or it can optionally be implemented as an arrangement 
external of one or more electric drives. In that case, the external measurement 

30 an^ngement is preferably combined to the electric drive/drives over a suitable 
data transmission bus. 

The invention has been explained above mainly by means of an electric drive 
comprising a frequency converter as the control unit. However, a person skilled in 
35 the art evidently applies the invention to other types of control units of electric 
drives as well. These control units have the essential feature of measurements of 
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the power and/or frequency of the electric motor with a view to determination of 
the liquid flow, the measurement signals being specificaliy utilised In the invention. 

The invention is not limited merely to the embodiment example given above, many 
5 variants being possible without departing from the scope of the inventive idea 
defined in the independent claims. 



